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(54) SYNTHETIC METHOD OF NITROGEN TRIFLUORIDE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To attain high nitrogen trifluoride yield by allowing a fluorine reaction product to 
react with an ammonium complex reaction product of NH4Hx~TFx and mixing the reaction products with each 
□ther in a ratio to keep the yield of NF3 equal to or above a prescribed percentage. 

SOLUTION: It is necessary to allow gaseous F2 as the fluorine reaction product to contact with the strongly 
mixed ammonium complex reaction product containing a hydrogen fluoride ammonium solution (NH4Hx-lFx), 
'NH4)yMF2.nHF or these mixture. The equivalent ratio (melt ratio) of HF to NH3 in the hydrogen fluoride 
ammonium complex reaction product is about >2.55 (that is, x>2.55), (n) is a sufficient value to keep the 
ammonium complex reaction product practically as liquid (higher than 50volume%) in the reaction condition, M is 
an element of IA group to VA group, IB group to VIIB group and VIII group, (y) is 1-4, (z) is 2-8. The melt 
ratio is preferably ^2.85. When the melt ratio is controlled to high with the high mixing speed is used, high 
yield of >65% is attained. 
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(57) [B*«J] 

3F 2 + NH,H ( ,.„F, > NF 3 + (3«e) HF 

3 {±^ : 5r< fc*>2 . 5 5 X'fo *) , LTRffiM^?!^ 

bt\ mmsmw^i o o ow/m^ jjlloisvm^ 
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[ff*JSl] 7-y*KJ6*i:, NH, H,,.,, F x . 
(NH 4 ) „ MFj • nHFRt/^rit^m^iP^ 

<Ct3\,iX. x(±2. 5 5l?l±_XfoK>. yfil— 4t* 
AMT< I Bj^A^V I I BiitaiXV I I I gjO 

[|f*JH 2 ] frldKJE^jSr N F 3 OJR^fc^-SK fc 
[f**JS3] ifulERJtb^NFg <3JR**iJ«fir< 4: 

9 o % t=«a*i- * it^Tii-^-r 4 , if *ih i lateco^ 
a. 

[ li*H4 ] liiriEfiaS* JStfRJESTIf o , If *« 1 

[ If *3i 5 ] MIERJES-SliSlSRifiS-Cfir 3 . If *Jf 
1 IB^cO^S. 

[li*3S6 ] MiERJE* SKRJEJRtcasKWfclrai 4> 
*x47^*fcT:x*-rS£JflVvc^*fc4T3, If* 

[1**317] friery^-TM^NHa N NH, F. 
NH, HF 2 „ NH, CU NH, Br, NH, I, N 
H 4 NO, , (NH, ), SO, (NH, ) 2 CO 

[1**318] x**2. 6 Ifc&nilBtt 

[1**319 ] 8 5 KLhr** , W*lf 1 iStt 

[ ii*ii i o ] mri asae*)**** 9 3 ~ 2 0 4 -coie 
[ if *is 1 1 3 mnBRjc^a*** 1 2 1 — 1 6 0 °c<o 

[|f*JH 1 2 ] fMERJtWJjia* 0~4 0 0 p s i g 
( 0- 2 7 6 0 k P a ) ) <0«H(c«H*-r 

*s m*JSiiaa<o*ife. 

[If*3ai3] frfss:jscc7)ffi^&o~5 0ps i g 

( 0-3 4 5 k P a ( y-S/E) ) OKiHaMiJfrJ-S . 

[«*isi4] y-vmKmmt. NH, H (l . n F, 

Kltm (i<7)5tc0x(±2. 5 5J2LhT*4) fcSrRjSS 

F*-t*j/s*tfS*¥«*»=i/c 1 m» ^010 

0077 M3UL«©lb**sasai^#at:«l&LT»fe*i 



[if *ii 1 5 ] flraesMj** 5000 w/ m s tui-c* 
4. a*jsi4iEao*ffi. 

[f»*if 1 6 3 liufa*)7]#'3 5,00 OW/mS fcLt 
T'$>4 . If *il 1 4E«Ojffi. 
[fS*H 1 7 ] x#2 . 6 5 Ja_tT** . If**! 1 4 

[ff*« 18] x# 2 . 8 SVXlX'hh . If**! 1 4 

[ff*«19] 7<y*Rffifti:. NH, H 
(,-D F. . (NH, ), MF 2 • nHF&tf-Hl&O 

>8:ss J: 0 aar^r &m&jm 

(Ztl^co^zH^X. x{±2. 5 5iiLtXh y ). yit 
l~4t*0. z{±2-8T'3b'9, nl4^5*frfc*JV^ 

AKfr^VASiT, I BftKVI I BmtX'RX/V 
I I IglWTcS, te*ft6*3«£1tatpS> **».]: ij 
Wfltft) fc*RJ63«. B.o£*U->*>RJ6*fcNF 8 
«0»SWSS: 5 0 %lilh£*f f*"t4 JWeate"*-* CI 1 1 

J: 4, £7 .yflaS**)*]***. 
[31*512 0] x#2. 6 5kl±T'&4. lf*I|U9 

[ff*l!2 1 ] x**2 . 8 SfiLLCftft » If**! 1 9 

[ if*js 22] m E N F 3 was?*** 6 0 %M±X'h 

4, Ift&Rl 9ffijtt(0*ffi. 

[ If *3H 2 3] HUf 2 N F 3 <0»S?**» 8 0 %V±X'fo 
4. ft*JSl 9IE»c7)*ffi. 

[ff*JS2 4] 7y*»Bflli:, NH, H (x-i) F x 
COTyi;~VJ*®teKJm C«jW)xli2. 5 5J3Uz 
T'S>4) i:*R|SS-li:, jao^fL^coSJ^SrNF 3 
)R**^=Sr < h t 6 5 Xtlffit 4 WTiB^- 4 i t 
CiS, 57 7 fl^lWMM . 

[^WPSffl^^] 
[000 1] 

S*OJ|X**«Wfc:±#S*4tf5fc:, i*3S^HF : N 
H 3 ^;UhJt (me 1 t r a t i o ) b^^M^co 

S)4„ 

[0002] 

*^< : 5roTtM94„ NF 3 i»Ji^-4*ffi 
tiat&W t: ?TfifC A 4 (2 4f»* 4 1 « S'JJSwi. 
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4r*>^««flS*«*7'y»ft: (ECF) tli«7 7$ 
-ft ( D F ) <7)IR4M4, Hftgco 5 0 %*StT* 9 . *t 

F 3 *4St6fcft(0NH 3 X(4NH 4 * JgSoSJgcO 
C0003] 

[•fbi ] 

3 F 2 + NH 3 > NF 3 + 3 HF (1) 

3 F 2 + 2 NH, > N s + 6 HF (2) 

4 F 2 + 2 NH 3 > N a F a + 6 HF (3) 

[0004] ^gt«H1Hc«t S fcftfc^fOSrKJSJi 
(2) T'fcO, iWJM^Ki^Nj fcNFOftti 
3t*-4. flg*aflfCtt, NF 3 *JHJW*fc«)Rj6 
(1 ) fcttBU *LT50S (2) t <3) Oflte^* 

Sr«Ji-tSfiaw>iie^lS*i: LT, JR^(43 0-6 3 

[ooo5]it, n f 3 t«iaw*fc*o— Wft*W 

sflr*ftJ4*BH#i ! ipS54 0 9 1 0 8 1 -^JWBMfcOfc tfrC& 
S. -etU4, $«fc<OF 2 £$#cd (jfflKLst) 
fiiT^-^A ( A A F ) fctgft^-tirTryt^jM 

S'JlItcvSftAAF tSMIS-t-cr^-^A-f 

5 0%cONF 3 IR**-**.*. W4, WESfcfcWS 
1^1 2 7X:T"&&7 WbkfgTy^^ANH, HF 
2 <7)S&£J: DiSu^T'coIteittgHFcoT^t— TtCfcf 
■T6 2. 0-2. 5£>*/Wt (^;l<Mt) tWWi i 

5fc«fftf<l4. F 2 tAAFt«i±, «R*)/hS 

=5:fLw £> § ttJM&Ktf- § fat x» <— fctt-j Tfrbft. 
i>. Zcoxmcr)— mm*&X&l±. NF3 tf9gHR§|stJR 

[0006] *ffl#l i Fm4 543242 ^HJUHWfcJi , 
^,*607-y^t(af*:cO (NH 4 ) 3 A1F 6 
NF 3 O^-figT^ra^Sinrv^S. NF S COJR^^ y* 

C0 0 07]!|#BB a F3-2 3 27 1 0#^«fc:J4» 

f 3 fcanwssfvo**. 

[0 0 08] Ty^-Tfc7-y^i:<5DmffiS:jj5«. 
¥2-25551 1^, 1112-25551 2^&*>'|s]2 

- 2 5 5 5 1 3-^«&«fcieasii-c^4. flr#o4Mn 

i^BtiSlvC, 4 3. 7%<0NF 3 IR2??A { $8S$*ITV"> 

h. 

[0009] ttJfefttB-plj, *JWBfcJ: ^TSfiStSfUt 



mZizrft-f h Z t ** nrtg=S* i> « v MR*s£ 

S&S-t -S. i t **V * J: ^ J: «»Tft •?> . , TfET* 

[00 10] 

[lMI**8rt-«fc*>tf>*H] ^ISTO, 7 yXKJ&HB 
t,'NH 4 H (l .„ F, , (NH 4 ) y MF 2 ■ n H F 

J±$kfoKfc% {ZtihcOMz&^X. x{42. 5 5KLh 
y(41~4T'*>9, zt4 2-8t'&9, n{±^ 

commm<r> i a^^vamt, i Bmt>*t>v 1 1 b 

■Cffl^-*ifcfc«fcO. NF 3 fc*KM-4fcftO*ffi-C 
$>!>. 

[00 11] #£L<I4, R»4^<tt80%«0 

nf 3 iKmzwffi^-z>}tmx'm.&zti&. ±K)i#£L< 
i4, 5umn%!?%<ki> 9 o%(qnf 3 nm&mfrth 

[ 0 0 1 2 3 »4 L< 14, Rfc{i**P3*i*:KJ6»tei3 

[ o o 1 3 ] » i l< J4, Kmizsmm (bubble 
column) Rm^za^xnhtit. 

[ 0 0 1 4 ] L<i4, RJBIiifiK*fc:ISiS3*U 7 

[00 1 5 ] #£L<(4, T>^—TmitNH 3 , NH 

4 F, NH, HF 2 , NH, CI, NH, Br, NH, 

1 , NH, NOg , (NH, ) , SO, ISOf (NH, ) 

2 co 3 ftmz^fihcom^m^h^^m^^mift 

[00161MKI1 x«42. 6 5J3LhT-ftt. J: 
9#£L<{4, x(42. 8 5J2LhT*&. 

[00 1 7] »^L<{4, ±l£KJEwiaSi4 9 3-2 0 
4°CcO^Hf*lT'S)S. J:0«f^L<{4, ±IBR^cO?S« 
{412 1—1 6 0r<7>iEHl*rC£>&. 

[00 18] #4 L<i4, ±|^JSEOjS7J«40-4 0 0 
P s i g ( 0-2 7 6 0 k P a ( y-'JE.) ) £Ofgffl|*J 
J:D»^t<{4, ISmiEeoS. 71140 - 

5 0 p s i g ( 0 — 3 4 5 k P a ( y-£/'ffi ) ) <7)|EH 

[0019] Mcom®x'co*%pm. ? -vmKimt , 

NH, H (I .„ F, Rim (^^xli2. 5 5ULh 
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Sffiit.fT'U-h'tf lat b 1 ad e ) ?-b' 

y **oa^#s«:»t= ltejesbss i m 3 a/s o i 

00077 hfcl±^»:&£SKS£#&fc:{fcteLT1#£> 

nsta-&u"<ji'-ca^--&, nf 3 ^js^^t**. 

[0 0 2 0] #£L<«:, i»5 0oow/ m 3 m± 
T*>4. iWiKii, i*l±3 5, 0 0 0W/m3 

[002 1 ] *«Hfl(i|gtc, 7 .y*RfSfafc , NH, H 
(i-D Fx * (NH, ) y MF Z • nHF&tX-fil&cO 

Ch^CfiHt. xti2. 5 5J3LLT*9. yd 

Aft*>fcVAiit. i B«636»/i,v i i Biiitsyv 
I I IJ&D7C*, Mtfte*ixfe<Z>»£1!ia»&3rS8fJ:9 

^ostR^^ 5 o x^zmw-thimx'm^-th ztaz 

±9, NF 3 t^j«-r*iti6<0*tST**. 
[0 0 2 2] »*L'<li, NF 3 <oaW?*t±6 05«]2Lh 
<fcD»±L<ii, NF 3 «0SfiR4**i8O%J3Lh 

[0023] 

LTC0^#:F 2 £, 7 7^*7^-7^1 (NH 4 
H ( ,-n F« ) 1> L< (i (NH, ) , MF, • nHFX 

»S*Jt*i*j:l3j:*2. 5 5jy± (-rSrfcfcxaft^. 

5 5 ) T&O , ntiS^^^V^ry^^^Aigft: 
affl^Me*)C'I <*!»*< 1 1 5 0*«%) h LT« 
o«Dtc-H«Hircfc v , MJi7aS<oa»|*<0 I A«6*»fe 
VAii:T', IBIKVI IBgitXt^I I I HI 
COtc^A^^*. -t^h-hU^M.^ thU7A. #D 
7A, ;l/tV7A, \yiJ7A, 
A, #7t^7A, xhnyf7A. a'iJ7A, 
7;l/;^7A. *'y->A, 'fyy^A, ^>J7A, 

s, y^7_7A, *x, uh sm. at*, ry 
fti'. t'xvx, si, «, ana. *KS7A. 7jc 

£g, X*yy'7A, -f7hiJ7A > =7V?V, T9^-- 
7A, f-^y, j/Vl^n-vA, A7-7A. -ty7A. 

$e, /kr-vA. ^SvA, rm'/i^K ni^A, -f 



&8WT*l., y«l~4TJ>9, z{22~8T'£>4<, 
NH 3 C0JtC^t<, -etT^^hit (me 1 t ra 

tio) fcfcowjna. #aL<HL ^H-JttefcfcJ: 
^2. 6 5£X±X'1bK>. KfcMstsJ:^. 8 

8 0-9 0%il^NF 3 WWtobtLi. *3fc 
i * 2 . 5 5 lilh<7)* ;u h JtTJi , «£ 0 ffiv >EJBiftK* 

«. =t 9<ISv*lxJSi&KttEJS ( 2 ) J: 0 fcRJS ( 1 ) 
[0024] #%Hj<r) §mtc*t LT , N F 3 <7)Hm±=t 

n&mx\ C3 <^*§ii/sNF3(^^nR) 

fufcF, <ot/MRD 10 0, widkiLTife^S^*. 
NF 3 *>»SWI«/W6rc % C3 (*fejS3*lfcNF 8 
Wr/Hfc) /EJ6USF, O^HR} 1 0 0, WAdK 
LTSfcg 5*1.4. F 2 CRCLfe 
F 2 <0t/WR/«»LfcF 2 <0=E;HRD 10 0, <o J: 5 
fcLT8ue$*l4. -X/PhiWi. Rj£rf&4>T'cDHF*fN 
H 3 WUitX'hh* 

[ o o 2 5 ] L^mmzn\^x^mm^m^mm 

HFSr, Ty^-vA-tfiJ (7-/-ft**) «#NH 4 H 
(x-i) F, (xe+^x^^2. 5 5) tmt>ixt>i.$*j: 
itX'Xixh. ZcvmZimiztiiML%tft>. XA-y + 
*aUTiOJR(C5R«£F 2 Sr«*&-r-2.„ ^tf0F 2 {±T>- 
t-W^'J (7-y-fbTKH) !{BfcfcRJELTNF 3 Sr# 
»fcS»!Wfc^ja L , *ti 1 1 1> izWUkton HFt^m 

ON 2 tf£Mt&. giJtC, ±EO»fc:jR*N H 3 
-^>*aLTR»tc«ttL., HFi:RiS$lirTF 2 

*) fi*?r^t:S^4. NH 3 &Ja^4Jt^{4, ^;Uh 

4.^*NH 3 SrRl^fc:ffi|&LTfcL*<Tfc^NF 

3 WMm*bt>h.&tf. tiimtrnmya^xtrntL 

5 5T*ft. 
[0026] 
[-ft 2] 
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3 F 2 + NH^H^djF, > NF 3 + (3+x) h 

NH 3 + x HF > NH^H^dF, 



(4) 



3 F 2 + 2 NH+H^ijF, *■ N 2 - 

[00 27] jitJJ^rAOH F fc-^fcfcf & fcHWMBHrt 

=. v a a * v <r> v >ffwmi « t fira-r & i t #t & j: 

3. M-t«\ NH 3 , NH, F, NH, HF 2 . NH, 
CI, NH, Br, NH t I, NH, N0 3 , ( N 

h 4 ) 2 so, mf (nh, ) 2 co 3 Sr^/c r> 

A«3flKOfiJgW:7 5Xtt (NH, > y M F 2 • n H FT' 
t , ' O^WM(±7cS^W^ I AS£*> 

£>VAj5&=fcT\ I BSa&i&V I I BJ^^-C'&I/V I I I 

= 1-4, z = 2~8T'£>'9, -€-LTnJ*fiq5EL-C^* 



(6+2x) HF (6) 

[0028] *3%B>1c7)^0j!^A,ii, fcufeSfcat VI b 

±, »*L<W6 0XJJUi, «fc#iL<H:8 0X£Lfc. 
«NF 3 jM»T\ Rj6«:tT3£fcT**. 
[0029] aWSSWteo^rOTjifMaakHMHi, Jfc<0 

[0030] 



HF/NH, tt 

NHs ma. 
f 2 ft 
nh, «ae 



55 

93-204 V 



<zm. 65-3.0 
121~160"C 



10-100% 100% 
10-100% 80-100% 



21000W/m' 
alOOW/m 3 



[0031] ^i&Bmcfcivcii, iajt^/ubjtiiRjtisBj 

fc-tf XtiJJBf <0SJK« , Hr^8tfP»Xtt * - b > 

*$wni, 1 00 0W/ m 3 J2Lb. HL<!i5000 
W/m3 m±. Mi>1fr£L<l±3 5, O0OW/m3 & 



>5000W/m a 
S500W/m s 

[0 0 3 2] £fiO*U>;fif8rCli. m.tl,fc«*Xli* 
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£07 7ttSryt_'>A ( a a f ) ifcfc-HMHBrt- 

w&sgL\t*.it , tfxwmt mm vtz t ± t» * i^rat *> 

T J; OiSii^-ffcSsS: fcfc £> -f. c:c7)J;oC «vvon- 

[ 0 0 3 3 ] *-«t8te*3jKL* UT*n^SrRiE» 

MV+ftltiLZtLE.'ttl-tXtlhil'Z^l. Bakke 
r t?l<z£&ML)&cr)jfcX "How to Dispers 
e Gases in Liquids", Chem 
ical Engineering, Dec. 19 
9 4, PP98-104 fctt, 

[0034] mimmcommtzvnwriwmmzffl^ 
•f & c t «, m-MBim&x'ii&mnz tx-hh. %cn> 

4. 

[0035] 
[»1 ] 

a=(Zg-Z u )/2g (7) 

[00 36] Cc7)!*OZ g J±^*iODH*^>Ri6»rt 

[00 37] 
[82] 

^=Vg/Qg (8) 

[0 0 38] z<na<w t imtz4H&Lti/fAemm? 

[00 39] 
[83 3 



Vg = Zg-Zu=aZg <9) 

[0040] 5t(8) C0V s izHALXKcoi&tim^tL 

[004 1] 
[84] 

T=aZg/Qg po) 

[0042] ^c^idfc, ^co^-;UHT-yTS:lMjD 
Z t (c J: 9&ttB*ffi&t|tta3-£* i l» . 

[0043] JHfrLfcRiESteovvcii. «fc:«W4B8 

k r */7*mainth z t tfx-% § . 

[0044] 
[85] 

a=C a (PgA/|)V (11) 

[0045] .icdj^p* {ime^aafcoou 

A&tfBJljajrCfc*. ^WiOiWPLfcRJSStov^T 

[0046] 
[86] 

kLa=Ckla(PgW|) a u b (12) 

[0047] C kla , a^bttJSQ«OSE»T*S. 
[0048] «JS(SRJtS»<?3*&{i. A. G. Jone 
s, "Liquid Circulation In 
A Draft-Tube Bubble Colu 
mn" , Chemical Engineering 

Science, Vol.40, No. 3, 
p. 44 9 (1985) tfiMRSilTl** J: «J^3 

[0049] 
[87] 

Pg = Pi)Aln{(P + p m gH m )/P} (13) 

[0050] ftsnmitfiSfllSJt *)o»^tttt*fcw 
L-caHi-tfawHiij'ca'j. 

[005 1] 
[88] 

PgA/| = (P W H m ) In {(P + p m 9 H m yP} (14) 
[0052] infeco^P, P<itSHSPX'tfOE^T'S> 

%C0?5ST-S>I». ±EZC0JMX'i&. abk L aim®. 
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4. 

[00 53] i<0 X o *«K«ft<9<l6*ffl[«BlS 
£> & i Mij5lfS*g fc'-ib #H3 fc if h KJ&ty><r>M-&XI,&m. 

ttmtet5\,*xtohtvfcwnhmMk0>m.it* b a k k e 

r $>lZ 
COO 54] 
[*9] 

P = NppN3D5 (15) 

-BcfcST'&O, pJiJSafK-C*"?, Nti-fy^-Isl 

-r y^-mnwiz— *<o«niBak 

ke rfeOHfcXO*2t=wSiutJ:3fc-f >^-<7D* 
5. 5 0COJ y^y-mtiWt^ (15) 

mxtm ztuzbcok i±m% h mfombmemim hti 

{»^*^*{44 2%iJw5r<**-3. iridic. 

[00 5 5] ^JfiiSTWai: k L ati 9*$:h.&ii-& 

J^ffiRfESfcEjeSflfcl*. "ChemicalRe 
actor Development", D.Tho 
enes, Kluwer Academic Pub 
lishers. D o r d r e c h t , T h e Ne 
therlands (1994) pp98-114 

izjLhtih, ■^mzb->x^mx--hh i >^<n\w>w.m 

8TF»RRtESk 
[0 0 56] £>ti£Z2. 5 5JjLt«0*;H»JfrC, 

yy'i'-Ff-fyzmzLX'jr'kKk t> 1 ooow/ 

m3 i:l^d««a/S'5*3»*i:UT*S*l*J|fcfcLfca 
^XttMffT. ^y-y-ltmmcoHrf&Z'ffoZkCDftGco 



[0057] 

[SUfcffl] -KOpUte. H F/NH 3 ,*;H-Jt (x)*«N 
f 3 oaBR*kilWK:aja^SMftt5^a«*KB^ 

4 . 2 . 0 U -y WUO^E^U ( M o n e 1 , |8jfg) 
JCTS (ifi&4 >f>f (101. 6mra) , S?12-( 
>f (304. 8mm) ) (3 1 . 6kg«7 7-ft*iT 
Vt^ANH, HF 2 SrAfU 1 3 O^CfclrtRLT £ 
WfflHfflJ* SUBSET. SfflfcWiBTl . 2 2 II -y WUD 

;K IftSMrn-y, $t4"V<?5F 2 AP«\ NH 3 AP 

Ottfc. 3 5,28 8W/m3 tefflat-*** 1600 
®K ( rpm) <^JH*PiaBtC,.F, J200x^y^- 
m-bW-W^(sccm)MNH 3 £6 
0 s c cmXm^m'O^td. HF/NH 3 */H*Jt 
£2. 28-2. 8 5O«Hfc*>fe0Sa»S-frfc. JXfc 
SfrfiSeSHS***, »KlJ3tt*»*SnfcHF/NH3 
^;UMttit<biX7t (^<0t3*^T-^{±, NF 3 JR* 

[00581 
[*I2] 



[00 59] £fi&tf)*££te, ^^hJtt±#S«6i 
i:, fc9*>ft«*8»<02. 2—2. 5fcH5BHJ:i5 

wmcomLu±.%.$:i,fzL>-fti^^Lxu&. wusu 

hk. Ztlt>cr>£*)MUXJ),bl£X'<7>mm3:NF 3 
Ztt&fcibcOKm ( 1 ) £*L<*aU ^LTKJE 
( 2 ) fc ( 3 ) 0Ofltenfc*/N»fc:"*-6. itiScofl^ 

9 5 % J: 0 £ < cogiJ-S-fc&g o X &*b h J: 3 tc t> 
■C* - j fc . i £0JSJi{4^*affi(3 J: o T *ir . 
^ixT'(4S« ( 1 ) liKESMJW&SftfcF, 4*g»t4 
KiEO^t oT 5 0%*?iOiiJ-^^ Aft6«»rc* 0 . 
-eLTRJS (2) 36*RJKLfcF 2 (05 0% <t Oi«^|iJ-^ 

[0060] NF 3 <3CiltX*{i^^nvh^9 7 -f— »■ 

St3 LTfc 0 , * LTIE4W4EJG»A»fci3ffiParc« 

[006 1 ] ±^i3(3, ^?D?h^57>- 
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(go zmmLzm,m£.f$.wzttVrL. f 2 ^tm. 

frh^Mia-jUPhJ-yy (-80'C) T<r>-mUzJ: *) 
fSMWHF <W=Sf*HS1K<0A 1 2 0 3 bco 

mzjjk-?Kmz x <o v v***u95feBOEco f 2 t a»± o . 

[0062] 
[•ft 3 3 

3F 2 H-A1 2 0, »1.50,+2A1F, 

[0063} NF 3 , N 2 . 0 2 . Nj F 2 &t/N 2 O 

fttifLtl. ^^^iOGCf-f^ffiot, NF 3 <7)JR^ 

(%) C3 («Unf 3 o^uBc) /m&Ltz 

F 2 tf5^;HR3 lOOtUltlU. NF 3 c0jS#?5p 
(%) (i. C3 (^B£LJtNF 3 O^Uft) /EJCLfc 
F 2 fi0^;HRD 1 OOfcUltlL. fUF 2 
(%) «C»SLfcF,o*;HR/ttttl,fcF 2 
ft] lOOfcLTtHtLfc. ttfcUrF, 
fcUSF, <o*;HBMi. »B«|flS (HF«S 
«) +co^co^B£,titfOGC^WA^<?) ;: e;uiag (%) 

f 2 Kimcommm^m ttt, iz&m lt tf« s fx 

4. 

[0 0643 C0» 2 3 i^li, U>:>j/#«Jt#N F 3 

§ . ife^WTittW Lfc|B| t-RJESSr » 2 0 0 s c c mco 
F 2 tJ&Sitl 3 0XrcWtfttffiUfc. =^<r>W£h 
H F/NH 3 ^yUhit (MR) tftJHLfc. #©8*3 
rt^^fjtfJ^S 5 1. 4, 4 1 1M/3 5, 2 8 8W/ 
m 3 T«0*SMSria3fc^-t. NH, ii. H F/NH 3 Jt 
4*2. 6 5T<o»Elfcfc:-3^T<o*B|B»HflBftUfc. £ft 
£><7)*£ll(i. J; 9i^^HF/N H 3 yilVYtidZtSWZ ^ 

SHF/NH 3 *>\shit (x=2. 3 ) Tii. fg#i£g 
* & V MilM&SSt Sfc 0 C0i6^ **JWlrt-4 fcOftT N F 

3 oJK^&miJi^tJi^ft&v^ f 2 i&fcmz. 
mstmtmmzn^xmAizTfiitzxoiz. 
nmmfoh\^m&mmtz i ocr)mMzmjf^-z>„ 
*juhtuzt5uxi&. mfrimtm&ifi&T'thiz"? 
n-cAjSKfiTi-*— ^rr. 2. 3<otE*«H5<ojfcTii 
«hhm&wkt-*- ^ tcoii f 2 K-ft:*^ffiT{ita t ^ 

[0065] 
[^33 



[0066] 
[*4] 



35000W/m a I 99 I 97 91 

[0067] CW3] ZCDMte. «M6*«NF3 WK& 

EJfcB*. «B*3»S£l 6 00rpin (»:& = 3 5, 2 
8 8W/m3 ) K»flrt-6-:rraU*£ l 2 5'C*>£ 1 
5 OiCiT^tS-art . Stfl»B Lfc. B 5 fclSSi: t 
fcfc^Lfci-ifc:* H F/NH 3 ^hit(MR) fcSE 
llS-frfc. 2. 8 lcO»S<7)^;kNitT(2, i&K* 1 3 
0°C*>£>1 5 0-C^'±#§t^tl«NF 3 K^ffi 

aSJg£ ±M £ £ teofUDWWiST-*- Z>b^o£K>mi 
v^MWJBft^iiJt. »hf/nh 3 ^/i^HtKo^t 

tfOSiS^JR^Jil 2 5 — 1 SO'CTIS&ftT'i. itUHF 
/nh 3 »UhJfrCHt. «*a«fc«**-*ffiv\x^h 

[0068] wi4: zcomit. tm?y?&umbtn 
mmsuGS b mmzmw^-z . as** 2 4 

(50. 8mm)t^*>'72^f (1829mm) 
(6. 35mm) O^T^r^-C-^WSIXOttft, _t 

m- * £ v&mrm 1 1 **frTKitt- & , ice 1 a y 

+ (2 5. 4 mm), S?20>fyf (505mm)« 
RM*7A$-. 2^fyf-(5 0. 8mm) (7)^§§rt(7)± 
te^TK^x^-^J; Oifcra'&HttfcEMLfc. ceo 

^ (ffiff) <0^«y^*x^'J-y7>f-VSr5t«Ufc. W 

#HF^4 0 9 10 8 1 ^8W«fcflEtt3*i^fi!s|ett«*» 
^<0*S*ai^i»)*^HF/NH 3 .Xrt'MfcT.KOJSfls 

* (*5) . 
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10 



2.80 



35.288 



[0070] zixb<rtemm6-ci>tmztLh. zti 

xn^titzm\-tiX^Wm*^z.%^ZtZimLX 

^s. it, ^mfrb<offl*iiMm*0)HF&t[ 

[007 1 ] ifW&mz X -oX X OffiHN F 3 tyfrtfiUkty 
ixh t ^ 0 JBV > 3F 4. tc JSMi . HHfKfESttS V ->T 
^2. 5 5J2Lh<OHF/NH 3 JtCfl^fSi 

ts®4 091081^) no, 9mwmpm*fr 
t>'i%hiurzh<nx-hitz. mmcoummcomix'iz, 

X'Crm^tX'ii. 9 0%CONF 3 Umt9 7%cONF 3 jl 

S^^ZOWt^^- t^(l) 2. 2 — 2. 
5fc^3«E*««BTS6ttfflJ:9fci*OHF/NH 8 

«*S±#3-£4£fc. -rLT <2)*fl[asBISfc"5*5 

[0 0 7 2] l*lJiUfelR*ti±lR$n*HF<OiSW« 

S*£>*8;T»i. HFJK»%(±NH 3 Zt\lZ.&ZbX'T 
>lt-i?J*#>J (7-y-fbK*) WK-ffcSftSo liill. 
lsKVK (0. 4 54kg) CON F 3 Sfc 0 3. 

f ( i . 5 9 k g ) <r>y •vi\L^.mry^~^MzmL^ 
mttmmmfcxh & . «e*«t»«o*?6 & - <o«s 

SSftOffijHfi, USAF Propel lant Ha 



L 

ndbooks, Vol. Ill, Part A. 

Nitrogen Trifluoride, Sy 
stems Design Criteria, pp 
7-7 to 7-1 0 (AFRPL-TR-77-7 
1) (1978*1J3) fcfevvrSFfctfSWJtftT^ 

091081 ^wwm<?>m.mm<7)-m}it -cmm^m. 
A«ftRjEftNH t f x hfiz. mmnmm'r- 

3-*-* JK*fc*fc LX . *JHB«r±El4 £ t 
S>£„ *f£Bflli*ll*Sft3g4 09 1081fi 9 
0>HFBI&ft*&t£-£4i:tia£, £tf>SJ£«jl4jefc 

tci^Av ry ; e-'7A|g^NH 4 f, hfij 
WSyMfl&flr H F T'{i& < ^ftfi fc'MS L < =Srv yt 

-^jxmmzmKi^x&ztte, &tfm&>-jm&*& 

cO#*£{±, l^yH(0. 454kg) £0NF 3 3*; 9 
7 y-foJcS&T^^AcoaBlH*!* l . 3 5^F 

( 0 . 6 12kg) £&3-£6A£tfC* 0 » *GBttft$ 
4 0 9 1 0 8 l-§-fcJt^T6 lX^JS^C**. *6fc 
SbSSfifcilti, *^lt:ou-nj:2. 8co*>l-hitt,z 
*M5L-Tfc 0 , 3KHB$fHS4 0 9 10 8 1 fCo^TIi 
2. 30XX/H*Jtte*tJ5LTH4. 

[0073] 

[*6] 
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^ *) ONH4F1HP 
fi(lb)[kg] 


fflNP, at*® 
HP (%) 


(lbHkg] 


NH.F.HPt L 
(lb)Ckg] 


HPt LTlslJR 

<») 


^Hftfr^ogiosi^ 11 


3.5 
[1.59] 


10 


0.5 
[0. 23] 


2.7 
[1-22] 


15 


K^80% 
$£4fcspl00% 


1.35 
[0.61] 


40 


0. 22 
[0. 10] 


0. 98 
[0. 44] 


18 


>K*63% 
KfWlOO^ 


2.44 
[1.11] 


10 


0. 05 
[0. 02] 


1.69 
[0. 77] 


2.9 




2. 12 
[0. 96] 


32 


0. 20 
[0. 09] 


1.54 
[0. 70] 


11.5 


42*63% 


1. 47 
[0. 67] 


32 


0. 246 
[0. 12] 


1.074 
[0. 49] 


15 



l) 3KfttrcS6&tifefiI 

2> tmm 

[00 74] V*<Oj&»*3#4 L^JB«fclBBaLT*»HB 

[01 ] WlKtfco-OOl'hit* 2. 2 8*^2. 85 
i(HF/NH 3 -X/t-hit) C«l/7avM,!t/57 
00077 hT»-»Jfc. 

[H2 ] miAvmiicTHZtitcmi'f—ftz.^vzN 

f 3 asws^HF-fr^JI (hf/nh 3 Xfrhit) te» 
L7D 7 h Lfc/5 7T"$)I.. 
[03] W2teJ4 = 7.yfl:fiBlteJ£K*iVvts jew* 
/H-it (MR=2. 6 5. 2. 8 5 ) T«0*3|HBW-0 
<?5W4L.v^JB«fc:-PV^T«v^;PhJt (MR=2. 3) 
TOW i: JfcR L T N F 8 (ft* Sritt/^iif J± ( W/ 

^/UhJtT^iiJ^N F 3 «Ws««l^/«tSltttC«B'Cft 



[04] W2&t/03TfcoT*&&*ifcHtSO*5*- 

[05] «3«mWtCOC^NF 3 J|fc#£jBjK CO 
WUra v hLtz^ r ^yX'h Y ). E7 •yffcS*<9£-j£ 
(C^^TiSV^^hJt (MR) l±«8ITU«^/l/MtJ: 
9 fc «*t=*t L *W S if «ST* U £ i: * K9! U TV * 
•?>. 

[06] (a) W4ti0^/l'hit*2. 2 8K2. 

eje»«os*« (ja*u$> . ( b ) xm<&mm4 0910 
8 i^=w«^*s« (6»£H«ep) s ( c ) 

HT, NF 3 lte^SrHF-i-#i (HF/NH 3 ^<;Ph 
Jt) t>ttT7"a>y M,/£^97"C*S. *f6WO«a* 
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o ' 1 ■ ■ « ■ 
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[06] 




10 - 

o I ■ I ■ I . 1 . I , I , I , I ■ I ■ I , I 

2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 



HFtSi (.Xllt-itl 



7\X U #-&&lL ^y^M'-T 18049, 
Xt-X, ^^7^ 4727 



7;< 'J ^/isiV^-T 18031, 

o- H 1441 

T^U^-^-^ll, ^>-^;^\'^.T 18103, 
iTf7 X 2893 
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